1. Introduction {#s0005}
===============

Alcohol industry has been expanding into emerging markets in Asia, Africa, and Latin America, and recent research suggests that this expansion has had alarming effects on youth ([@bib34], [@bib71]). For example, Taiwan opened its alcohol market to international alcohol industries in 1987. Since then, new alcoholic products have been introduced to the Taiwanese market and alcohol industries have launched various marketing approaches to reach younger population ([@bib24]). Recent national surveys in Taiwan indicated the percentage of lifetime alcohol consumption among middle school students increased ten percentage points in just 4 years, from 55% in 2006 to 65% in 2010 ([@bib29]). The incidence rate of alcohol consumption among middle school students also increased from 14% in 2004 to 18% in 2005 ([@bib15]). The combination of rapidly expanding global alcohol marketing combined with the increasing prevalence of underage alcohol use underscores the urgent need to investigate multilevel contexts to underage drinking in emerging alcohol markets ([@bib71]).

According to the World Health Organization (WHO), alcohol use is the greatest contributor to disability and mortality among individuals aged 10--24 years globally ([@bib28], [@bib58]). Early initiation of alcohol use increases the risks of a variety of problematic behaviors, both in the short- (e.g., school dropout, delinquent behaviors) and long-term (e.g., subsequent problem drinking, other substance use) ([@bib70], [@bib75]). Adolescence, the period when alcohol initiation escalates, is a transitional developmental stage characterized by changes in, and increased exposure to, social contexts outside the home ([@bib17]). According to the social ecological framework of human development ([@bib6]), adolescent behaviors, including alcohol consumption, are greatly affected by influences operating at multiple layers of the social context, including place-based social and built environments and the media environment ([@bib1], [@bib7], [@bib8], [@bib32]).

Prior research investigating the effects of multiple layers of context on underage drinking has primarily been conducted in the West ([@bib7], [@bib8]). Because of the rapid expansion of global alcohol marketing in Asia, Taiwanese society has experienced large increases in alcohol availability and alcohol marketing ([@bib24], [@bib71]). For example, the price of alcoholic beverages has decreased and global alcohol companies (e.g., Heineken, SABMiller) have gradually gained a greater share of the domestic market ([@bib24]). Guided by the social ecological framework, this study investigates whether place-based environments and media environments affect adolescent alcohol initiation and continuation in Taipei, Taiwan. We focus on three types of place-based environments that are important to underage drinking behaviors: social, alcohol access, and institutional resource environments.

1.1. Place-based social environments {#s0010}
------------------------------------

Social Disorganization Theory posits that place-based social disadvantage (e.g., economic disadvantage, violent crime) is associated with diminished social integration resulting in increased problem behaviors ([@bib61]). Recent systematic reviews revealed that findings about associations between place-based economic disadvantage and underage drinking are mixed ([@bib7], [@bib32], [@bib35]). Some cross-sectional studies found that economic disadvantage was associated with higher levels of underage drinking ([@bib4], [@bib18], [@bib30]), while others indicated that local affluence was positively associated with this outcome ([@bib44], [@bib57], [@bib64]). Still other studies have found no association between economic disadvantage and underage drinking ([@bib5], [@bib25], [@bib37]). The mixed findings may arise from using different measures of place-based economic disadvantage; the lack of longitudinal studies may also prevent place-based research from providing consistent and rigorous evidence. As to the connection between place-based violent crime and underage drinking, the results are more consistent than that of economic disadvantage. Studies have generally found a positive association between place-based violent crime and underage drinking ([@bib39], [@bib73]). However, studies of relationships between these place-based environments and underage drinking have rarely been conducted in emerging alcohol market in Asia, where social relationships, resident composition, and collective interaction are profoundly different from those of Western contexts. For example, in Taipei, the mixed land use of commercial and residential zones, efficient public transportation, relatively short distance between activity locations, and the strong social value of collective power often encourage social interaction and local bonds for residents. It is unknown whether these place-based social environments affect underage drinking in Asian countries.

1.2. Place-based alcohol access environments {#s0015}
--------------------------------------------

Research on the alcohol access environment, however, has been unequivocal: recent systematic reviews have suggested that the alcohol access environment is a powerful place-based risk factor for drinking behaviors, especially for adolescents ([@bib7], [@bib55]). A positive association between alcohol outlet density and underage drinking has been found in both cross-sectional and longitudinal studies in several Western societies, including in the United States ([@bib14], [@bib53]), Australia ([@bib2], [@bib43], [@bib59], [@bib60]), New Zealand ([@bib30]), and Switzerland ([@bib38]). According to Availability Theory, increased proximity to alcohol outlets creates an "alcogenic" environment that not only increases alcohol access but also establishes pro-alcohol norms, both of which in turn increase the risk of underage drinking ([@bib42]). To date, only few studies have examined the impact of alcohol outlets on underage drinking in Taiwan ([@bib13], [@bib69]), and none has adopted a longitudinal design to examine this relationship.

Betel nut kiosks, the local unregulated off-premises alcohol outlets in Taiwan, are one of major commercial alcohol sources; they are pervasive on thoroughfares in urban Taiwanese areas. Owners of betel nut kiosks often hire "betel nut beauties", young women who dress in "provocative" clothing to sell betel nuts, soft drinks, and beer. Local news has reported that these unregulated alcohol outlets are one of the easiest commercial sources of alcohol access for adolescents, and the number of betel nut kiosks can exceed that of ordinary off-premises alcohol outlets (e.g., convenience stores). Betel nut kiosks are a unique feature of Taiwanese culture, and it is unknown whether spatial access to betel nut kiosks can influence underage drinking. While the impact of the ordinary off-premises alcohol outlets (e.g., convenience stores) has been studied ([@bib13], [@bib69]), little attention has been paid to this unique type of off-premises alcohol outlet, perhaps because of the lack of available data on betel nut kiosks.

1.3. Place-based institutional resource environments {#s0020}
----------------------------------------------------

Prosocial institutional resources (e.g., recreational open spaces, schools, and religious resources) influence adolescent development and can shape adolescent behaviors ([@bib41]). To date, however, studies examining the effects of *protective* environmental features for adolescent alcohol consumption are limited. One recent cross-sectional study conducted in rural and small towns in the United States found that spatial access to youth-serving organizations was inversely associated with adolescent lifetime alcohol use ([@bib16]). Similarly, a cross-sectional study conducted in Taiwan found that greater spatial access to colleges in neighborhood was associated with lower likelihood of purchasing alcohol among children ([@bib13]). Evidence on prospective effects of prosocial institutional resources on underage drinking is generally lacking.

1.4. Interactions between place-based environments and individual-level risk factors {#s0025}
------------------------------------------------------------------------------------

Recent studies of underage drinking not only investigate the independent effects of place-based environments, but also explore whether the relationships of place-based environments to underage drinking behaviors differ by individual characteristics ([@bib50], [@bib64], [@bib67]). Some individual characteristics such as poor parenting practices and *lower* individual economic strain may amplify the adverse effects of specific place-based environments ([@bib18], [@bib50]), while other individual characteristics such as religious attendance and family support may have buffering effects ([@bib44], [@bib63]). For example, Trim and Chassin (2008) found that the prospective effect of economic disadvantage operated differently across subgroups: higher place-based economic disadvantage increased the rate of alcohol use among adolescents whose parents were alcoholics, while *lower* economic disadvantage increased the rate of alcohol use among adolescents whose parents were *not* alcoholics.

1.5. Media environment of alcohol advertising {#s0030}
---------------------------------------------

Media is an influential environment through which adolescents form attitudes and expectations about alcohol and its effects ([@bib75]). Two recent reviews indicate that alcohol advertising contributed to alcohol initiation and higher levels of use among those with prior use ([@bib1], [@bib62]). Social Cognitive Theory suggests that human behaviors can be affected by environmental influences through observational learning and social reinforcement ([@bib3]). Using both perceived (e.g., self-reported) and objective (e.g., auditor-observed) measures, previous studies have assessed the impacts of alcohol advertising through several media channels such as televisions, movies, magazines, and websites ([@bib52], [@bib68]). Among these media channels, television is a particularly influential media channel through which adolescents obtain information about alcoholic beverages, and perceived exposure to television commercials increases the risks of subsequent alcohol use ([@bib26], [@bib65]). In Taiwan, adolescents reported spending 15.4 hours per week watching television ([@bib72]). Although alcohol advertising on television is banned during children׳s viewing time from 6:00 am to 9:00 pm, only 27.5% of parents limit their children׳s television watching time ([@bib72]). Public health research on media environments and alcohol use has failed to keep up with the rapid expansion of global alcohol marketing into emerging markets outside of Western countries ([@bib9], [@bib33]). To date, research that examines the impact of alcohol advertising on underage drinking in emerging alcohol markets has been limited ([@bib10]).

1.6. Hypotheses {#s0035}
---------------

Based on the existing evidence and theories, we hypothesized that greater exposure to place-based economic disadvantage and violent crime, and greater alcohol access at baseline, would be prospectively associated with an increased likelihood of alcohol initiation and continuation among Taiwanese adolescents, while greater exposure to place-based institutional resources would prospectively reduce these outcomes. Furthermore, greater exposure to alcohol advertising at baseline would be associated with subsequent increased likelihood of adolescent alcohol initiation and continuation.

We tested several cross-level interactions. We hypothesized that individual-level family drinking behaviors (i.e., parental drinking and parental approval to drink) and peer drinking behaviors would exacerbate negative effects of place-based economic disadvantage and violent crime on alcohol use among adolescents.

2. Materials and methods {#s0040}
========================

2.1. Study sample {#s0045}
-----------------

The data for the present study were from two waves of the Alcohol-Related Experiences among Children (AREC) II study, a longitudinal school-based study designed to investigate determinants of alcohol-related experiences from early adolescence to young adulthood in Taipei, Taiwan. AREC II methods have been described in detail elsewhere ([@bib40]). In brief, a stratified probability sampling was used to select 16 public middle schools in Taipei based on school characteristics (e.g., student--teacher ratio) and the physical environment surrounding the schools (e.g., public transportation density) to obtain representative sample of middle school students in Taipei. It should be noted that the sample does not represent students living in the total Taipei Metropolitan Area due to this school-based sampling scheme (i.e., the stratification was based on schools instead of districts). With active parent and student consent, baseline data were collected from 1926 adolescents in 2010 (students were in Grade 7 in spring semester and Grade 8 during the fall semester, aged 13--14 years old); 1893 of these adolescents participated in the Grade 9 (aged 15 years old) follow up survey. The mean interval between the two assessment waves was 13 months. The overall participation rate at baseline was 55% and the follow-up rate was 98%. A total of 1870 respondents completed both waves of the surveys.

Study procedures were approved by the National Health Research Institutes in Taiwan and Emory University׳s Institutional Review Board.

2.2. Measures {#s0050}
-------------

We used a repeated measurement study design for the current study. All predictors (i.e., district-level characteristics and the perceived exposure to alcohol advertising) and individual covariates were measured at baseline; the outcome measured alcohol use behavior change between baseline and follow-up.

### 2.2.1. Outcomes {#s0055}

*Initiation of alcohol use* was assessed by examining responses to two items: "Not including a sip of alcohol and alcoholic beverages added in meals, have you ever drunk alcohol in your life?" \[Responses: *no*=0 and *yes*=1\], and a wave II item querying alcohol consumption in the past 12 months. Those who transitioned from "never used (i.e., alcohol-naïve adolescents)" to "used" alcohol across two waves were labeled initiators.

*Continuation of alcohol use* was defined as alcohol use both at baseline (i.e., alcohol-experienced adolescents) and at Wave II (yes) versus use only at baseline.

### 2.2.2. District-level predictors {#s0060}

#### 2.2.2.1. Geographical area {#s0065}

The geographical unit of analysis in the current study is the district (*chu*). These administrative districts are created based on natural boundaries and economic development. The median district population was 208,430 and the median square kilometers was 21.8 (8.4 square miles).

At the baseline, AREC II asked what district respondents lived in, covering a total of 29 districts of Taipei metropolitan area.

#### 2.2.2.2. Social environments {#s0070}

##### 2.2.2.2.1. Economic disadvantage {#s0075}

Economic disadvantage was measured using four indicators in 2010: (1) the percentages of residents aged 25--44 without a high school diploma; (2) the annual median household income; (3) the percentages of vacant homes built before 2006; and (4) the percentages of residents who were ethnic minorities. These economic indicators were obtained from several administrative sources, including the Taiwan Census, Ministry of Interior, and Ministry of Finance. Due to the high degree of correlation among these four indicators, we constructed the district economic disadvantage index using principal component analysis (PCA). Cronbach׳s alpha for the economic disadvantage index was 0.86, and the index accounted for 70.7% of the variation from the PCA. A higher value of the index denotes greater district-level economic disadvantages.

##### 2.2.2.2.2. Violent crime rate {#s0080}

The violent crime rate was defined as the density of violent crime incidents reported per 100,000 residents in 2010. Violent crime includes murder, kidnapping, robbery, aggravated assault, forcible rape, and serious extortion threat. Annual data on the number of violent crime reported were obtained from the Taipei City Police Department and the New Taipei City Police Department.

#### 2.2.2.3. Alcohol access environments {#s0085}

Three types of alcohol outlets were assessed: on-premises consumption outlets (i.e., all-you-can-eat barbeque restaurants and karaokes), off-premises consumption outlets (i.e., convenience stores, grocery stories, and warehouse clubs), and betel nut kiosks.

Alcohol access was measured as the number of alcohol outlets per square kilometers within each district. Annual data on the numbers of on- and off-premises consumption outlets in 2010 were obtained from UrMap, an online map with geocoding data that can be used for navigation in Taiwan and has been demonstrated as a high quality data system providing location-based services for several types of Points-Of-Interests (POIs) ([@bib11], [@bib51]).

##### 2.2.2.3.1. Google Street View virtual audit {#s0090}

Given the lack of administrative data on the locations of betel nut kiosks, we created this measure by conducting a virtual audit of Google Street View data. The audit was conducted by two trained auditors using historical Google Street View images from 2009 (about one year before the baseline). The two auditors conducted virtual audits along both sides of each thoroughfare in the studied districts using standardized procedures. Districts with less than 5 participants lived in were excluded from the virtual audits because of the time constrain (*n*=7). Information on the geo-coordinates, names, addresses, operation status, images, and month and year of the images of the observed betel nut kiosks was recorded. Random subsets of the thoroughfares were double coded with 91% observed agreement. Spatial access to betel nut kiosks was measured as the ratio of the number of betel nut kiosks to the number of off-premises alcohol outlets. Based on [@bib22] recommendation to measure relevant spatial contexts, we used a ratio measure for kiosks (instead of a density measure) because focus group data indicated that adolescents consider the *relative proximity* of betel nut kiosks to off-premises alcohol outlets as an important factor when deciding whether to purchase alcohol from a betel nut kiosk (Chen et al., unpublished data). That is, focus group members reported that adolescents would purchase alcoholic beverages from betel nut kiosks when these kiosks were closer than regular off-premises alcohol outlets (e.g., convenience stores). Therefore, a ratio measure was constructed.

#### 2.2.2.4. Institutional resource environments {#s0095}

We measured the number of each of three types of institutional resources per square kilometers for each district: (1) Taipei Metro Rapid Transit (MRT) exits; (2) recreational resources (i.e., parks and physical activity centers); and (3) temples (i.e., Taiwanese Folk religious, Buddhism, and Taoism temples). The inclusion of these institutional resources was based on previous studies ([@bib13], [@bib16], [@bib41], [@bib48]). We select MRT exits rather than MRT stations because one MRT station can have several exits to the ground floor and can better reflect the concept of access to public transportation. Annual data of the number of each type of resource in 2010 were acquired from UrMap.

### 2.2.3. Perceived exposure to alcohol advertising {#s0100}

Six commercial channels of alcohol advertising were assessed at baseline, including televisions, movies, websites, billboards, magazines, and convenience stores. For each of the commercial channels, perceived exposure to alcohol advertising was assessed by a question, "During the past month, have you been exposed to alcohol advertising or alcohol promotion messages from (the commercial channel)" Responses were coded as no (0) and yes (1). Because TV-based exposures were much more frequent than any other, we categorized these alcohol advertising channels into television and non-television channels. *Perceived exposure to alcohol advertising on other channels* at baseline was measured by summing the response from all other five commercial channels. Scores ranged from 0 to 5.

### 2.2.4. Individual covariates {#s0105}

Several individual covariates that have been previously identified as important predictors of adolescent alcohol use were assessed at baseline ([@bib70], [@bib74]), including gender (boys/girls), monthly allowance (≥\$NTD500/\<\$NTD500) ([@bib13]), living with a parent (one or none vs. both) and parental educational attainment (neither graduated college vs. either or both is a college graduate), parental approval to drink (any approval vs. none), and parental/sibling/peer drinking status (any vs. none).

2.3. Analyses {#s0110}
-------------

Adolescents were excluded from the analyses if they were missing data on: (1) home district or (2) lifetime drinking experience at baseline. Seven districts were excluded due to the lack of betel nut kiosk data. This resulted in a final analytic sample of 1795 participants from 22 districts. The number of students in each district ranged from 7 to 398.

Descriptive statistics were used to examine the distribution of individual and district-level characteristics. To test our hypotheses, two-level hierarchical generalized linear models (HGLMs) were used to model individuals nested in districts and to estimate bivariate and multivariable associations of perceived exposure to alcohol advertising (level 1) and district-level characteristics (level 2) to adolescent drinking behaviors for the binary outcomes of alcohol initiation and continuation in separate equations ([@bib56]).

The analytic models were built in five stages. Stage 1: intraclass correlation coefficients (ICCs) were computed from the unconditional model (Model 0). This unconditional model describes the degree to which outcomes were clustered within districts. Stage 2: bivariate associations were evaluated. We used a sequential modeling strategy to examine the district-level effects in multivariable HGLM in Stage 3 and 4. Stage 3: The multivariable associations for perceived exposure to alcohol advertising and district-level characteristics of the intercept were estimated (Model 1), controlling for individual-level risk factors. Stage 4: cross-level interactions between district-level characteristics (i.e., economic disadvantage and violent crime) and individual characteristics related to parenting and peer deviancy (i.e., parental drinking, peer drinking, and parental approve to drink) were included in the multivariable model (Model 2) to examine whether these individual characteristics moderated the relationships. Finally, we dropped any variables from this model that could plausibly lie in the causal pathway linking the district-level characteristics of interest to the outcome. Based on past research ([@bib32]; [@bib50]; [@bib54]; [@bib46]; [@bib36]), these individual-level variables were living with parents, parental education, monthly allowance, parental/sibling/peer drinking, and parental approval to drink. Diez-Roux cautions that multilevel studies of place characteristics and health often underestimate associations because they inadvertently include possible mediators in the models, and we wished to avoid this pitfall ([@bib20] [@bib21]). All analyses were conducted using SAS 9.4 and HLM7.0 statistical packages.

3. Results {#s0115}
==========

3.1. Individual- and district-level characteristics {#s0120}
---------------------------------------------------

At the individual-level, overall 12.40% reported living with one or no parents, 53.04% had a monthly allowance more than \$NTD500 (\~=\$USD16, approximately equal to 6--7 meals), and 72.13% had ever observed their parents drinking ([Table 1](#t0005){ref-type="table"}). At the district-level, the mean violent crime rate was 22.33 (SD=8.27) incidents per 100,000 residents. On average there were 9.67 (SD=6.51) off-premises alcohol outlets and 1.17 (SD=1.53) on-premises alcohol outlets per square kilometers within districts. The number of off-premises alcohol outlets (0.45--19.18) had a higher variation than that of on-premises alcohol outlets (0.00--5.81) per square kilometers. Among 1016 alcohol-naïve adolescents at baseline, 179 (17.6%) initiated alcohol use by wave 2. Among 779 alcohol-experienced adolescents at baseline, 362 (46.5%) had used alcohol continually by wave 2.Table 1Distribution of individual- and district-level characteristics at baseline among adolescents from the AREC II study in Taipei, Taiwan in 2010.Table 1VariablesTotal (*n*=1795)Alcohol-naïve (*n*=1016)Alcohol-experienced (*n*=779)*N* (%~wt~)[a](#tbl1fna){ref-type="table-fn"}*N* (%~wt~)[a](#tbl1fna){ref-type="table-fn"}*N* (%~wt~)[a](#tbl1fna){ref-type="table-fn"}**Individual-level characteristics**Gender (boys)852 (47.31)476 (46.27)376 (48.67)Living with parents (one or none)222 (12.40)98 (9.53)124 (16.26)Parental education (both under college)571 (30.82)313 (29.57)258 (32.45)Monthly allowance (≧500 NTD)[b](#tbl1fnb){ref-type="table-fn"}931 (53.04)465 (46.83)466 (61.06)Parental drinking (one or both)1257 (72.13)636 (64.48)621 (82.10)Elder sibling drinking (any)[c](#tbl1fnc){ref-type="table-fn"}215 (12.55)62 (6.31)153 (20.54)Peer drinking (any)327 (18.05)89 (8.72)238 (30.26)Parental drinking approval (one or both)309 (17.62)60 (5.97)249 (32.85)  **Exposure to alcohol advertising**Televisions (yes)1603 (89.39)900 (88.62)703 (90.38)Other channels, Mean (SD) (range: 0--5)2.96 (0.02)2.80 (0.03)3.17 (0.07)        **Drinking in the past 12 months (wave II)**541 (29.69)179 (17.30)362 (45.83)**District-level characteristics (*****n***=**22)**[d](#tbl1fnd){ref-type="table-fn"}Mean (SD)  **Social environment**Economic disadvantage index (range: −1 to 1)0.00 (1.00)Violent crime rate22.33 (8.27)  **Alcohol access environment**On-premises alcohol outlets density1.17 (1.53)Off-premises alcohol outlets density9.67 (6.51)Betel nut kiosks to off-premises alcohol outlets ratio1.08 (1.02)  **Institutional resource environment**MRT density1.18 (1.60)Recreational resource density1.89 (1.63)Temple density0.40 (0.32)[^1][^2][^3][^4]

3.2. Alcohol initiation {#s0125}
-----------------------

[Table 2](#t0010){ref-type="table"} shows the results of bivariate and multivariable multilevel models for alcohol use initiation. The bivariate model and models 1- and 2 suggested that adolescents were more than twice as likely to initiate alcohol use if they reported recently seeing alcohol advertising on television. After including possible individual-level risk factors in the multivariable model , model 1 suggested that adolescents in districts with a *lower* level of economic disadvantage (aOR=0.38; CI: 0.15, 0.98) and higher proportion of betel nut kiosks compared to off-premises alcohol outlets (aOR=1.62; CI: 1.04, 2.52) were more likely to initiate alcohol use.Table 2Hierarchical generalized linear models predicting initiation of alcohol use at wave 2 among the alcohol naïve adolescents at baseline in Taipei, Taiwan between 2010 and 2012.Table 2VariablesBivariateModel 0Model 1Model 2[a](#tbl2fna){ref-type="table-fn"}cOR (95% CI)*P*-valueaOR (95% CI)aOR (95% CI)*P*-valueaOR (95% CI)*P*-value***Fixed effects*****Level-1 (individual) variables** Gender (boys)0.96 (0.70, 1.33)0.8100.98 (0.68, 1.42)0.9280.98 (0.67, 1.43)0.912 Living with parents (one or none)1.57 (0.96, 2.57)0.0741.35 (0.77, 2.37)0.2951.44 (0.82, 2.55)0.209 Parental education (both under college)1.33 (0.94, 1.90)0.1071.32 (0.88, 1.97)0.1771.38 (0.91, 2.08)0.129 Monthly allowance (≥ \$NTD 500)1.55 (1.12, 2.15)**0.008**1.69 (1.18, 2.44)**0.004**1.74 (1.20, 2.51)**0.003** Parental drinking (one or both)1.05 (0.75, 1.48)0.7600.89 (0.61, 1.32)0.5700.96 (0.62, 1.48)0.840 Elder sibling drinking (any)1.53 (0.82, 2.85)0.1801.49 (0.72, 3.11)0.2841.44 (0.67, 3.09)0.355 Peer drinking (any)1.62 (0.97, 2.70)0.0651.77 (0.99, 3.17)0.0541.78 (0.96, 3.30)0.067 Parental approval to drink (one or both)1.19 (0.62, 2.30)0.6001.26 (0.59, 2.66)0.5521.17 (0.43, 3.20)0.752 **Exposure to alcohol advertising**  Televisions (yes)2.81 (1.41, 5.62)**0.003**2.35 (1.05, 5.25)**0.038**2.39 (1.06, 5.38)**0.036**  Other channels1.11 (1.00, 1.23)0.0601.08 (0.95, 1.23)0.2421.08 (0.95, 1.23)0.240  **Level-2 (district) variables** **Social environment**  Economic disadvantage index0.87 (0.67, 1.14)0.2960.38 (0.15, 0.98)**0.046**0.37 (0.14, 0.97)**0.044**  Violent crime rate1.00 (0.98, 1.03)0.9211.05 (0.99, 1.11)0.0861.05 (0.99, 1.11)0.095 **Alcohol access environment**  On-premises alcohol outlets1.04 (0.88, 1.22)0.6600.89 (0.55, 1.45)0.6260.88 (0.53, 1.46)0.594  Off-premises alcohol outlets1.01 (0.97, 1.05)0.6581.04 (0.95, 1.14)0.3571.05 (0.95, 1.15)0.312  Betel nut kiosks1.05 (0.82, 1.35)0.6891.62 (1.04, 2.52)**0.036**1.68 (1.05, 2.67)**0.033** **Institutional resource environment**  MRT1.30 (1.00, 1.70)0.0520.81 (0.41, 1.62)0.5260.78 (0.39, 1.57)0.452  Recreational resources1.01 (0.88, 1.16)0.8500.74 (0.48, 1.13)0.1510.75 (0.48, 1.16)0.171  Temples0.40 (0.17, 0.95)0.0380.30 (0.09, 1.02)0.0520.31 (0.09, 1.08)0.063  **Cross-level interactions** Parental drinking×economic disadvantage0.96 (0.56, 1.63)0.869 Parental drinking×violent crime1.05 (1.00, 1.11)**0.037** Peer drinking×economic disadvantage1.40 (0.63, 3.10)0.410 Peer drinking×violent crime0.95 (0.87, 1.03)0.185 Approval to drink×economic disadvantage0.79 (0.23, 2.67)0.698 Approval to drink×violent crime1.02 (0.93, 1.12)0.648  ***Random effects***Intercept (*u*~0*j*~)0.055050.000120.00011**Deviance** (−2LL)2861.842460.022486.26**Number of parameters**22333[^5][^6][^7]

The cross-level interaction model (Model 2) suggested that a higher district-level violent crime rate was positively associated with alcohol use initiation only when adolescents had observed parental drinking (aOR=1.05; CI: 1.00, 1.11). As noted, we also compared model 2 with a version of the multivariable model that excluded individual-level factors that might plausibly lie in the causal pathway (i.e., living with parents, parental education, monthly allowance, parental/sibling/peer drinking, and parental approval to drink) from model 2 ([@bib57]; [@bib20]; [@bib54]; [@bib46]; [@bib36]). Neither the magnitudes nor the directions of the focal relationships between the district-level characteristics and the outcome differed substantially across these two models (i.e., the effect estimates did not differ more than 10% across the two models; data available upon request).

3.3. Alcohol continuation {#s0130}
-------------------------

[Table 3](#t0015){ref-type="table"} presents the results of bivariate and multivariable multilevel models for continued alcohol use. The multivariable model indicated that perceived exposure to alcohol advertising was not associated with alcohol use continuation. Model 1 indicated that adolescents living in districts with greater spatial access to off-premises alcohol outlets (aOR=1.14; CI: 1.05, 1.24) were more likely to use alcohol continually, while those living in districts with better spatial access to MRT exits (aOR=0.47; CI: 00.24, 0.92) and temples were less likely to use alcohol continually (aOR=0.26; CI: 0.24, 0.92). None of the cross-level interactions were significant (Model 2). The magnitudes and the directions of the focal relationships did not change substantially when we dropped the set of individual-level risk factors that might plausibly lie in the causal pathway from the model 2 (i.e., the effect estimates did not differ more than 10% across the two models; data available upon request).Table 3Hierarchical generalized linear models predicting continuation of alcohol use at wave 2 among the alcohol experienced adolescents at baseline in Taipei, Taiwan between 2010 and 2012.Table 3VariablesBivariateModel 0Model [1]{.ul}Model 2[a](#tbl3fna){ref-type="table-fn"}cOR (95% CI)*P*-valueaOR (95% CI)aOR (95% CI)*P*-valueaOR (95% CI)*P*-value***Fixed effects*****Level-1 (individual) variables** Gender (boys)0.71 (0.53, 0.94)**0.018**0.66 (0.47, 0.92)**0.016**0.64 (0.45, 0.90)**0.011** Living with parents (one or none)1.05 (0.71, 1.56)0.8061.02 (0.63, 1.64)0.9480.99 (0.61, 1.60)0.956 Parental education (both under college)1.05 (0.76, 1.46)0.7611.01 (0.69, 1.47)0.9721.02 (0.70, 1.50)0.906 Monthly allowance (≥\$NTD 500)1.41 (1.04, 1.91)**0.026**1.24 (0.88, 1.75)0.2171.24 (0.88, 1.76)0.226 Parental drinking (one or both)1.66 (1.13, 2.43)**0.009**1.30 (0.82, 2.06)0.2611.68 (0.96, 2.97)0.081 Elder sibling drinking (any)1.84 (1.21, 2.79)**0.004**1.50 (0.92, 2.45)0.1041.55 (0.94, 2.56)0.083 Peer drinking (any)1.61 (1.16, 2.24)**0.005**1.43 (0.96, 2.12)0.0791.30 (0.85, 2.00)0.543 Parental approval to drink (one or both)1.89 (1.34, 2.67)**\<0.001**1.60 (1.07, 2.40)**0.022**1.58 (1.02, 2.45)0.486 **Exposure to alcohol advertising**  Televisions (yes)1.28 (0.79, 2.08)0.3101.28 (0.67, 2.44)0.4521.30 (0.68, 2.50)0.432  Other channels1.05 (0.96, 1.16)0.3070.99 (0.88, 1.12)0.8950.98 (0.87, 1.11)0.763  **Level-2 (district) variables** **Social environment**  Economic disadvantage index0.93 (0.68, 1.28)0.6400.58 (0.28, 1.23)0.1410.57 (0.27, 1.21)0.070  Violent crime rate1.01 (0.98, 1.04)0.5561.04 (0.99, 1.09)0.0951.04 (0.99, 1.09)0.124 **Alcohol access environment**  On-premises alcohol outlets1.09 (0.88, 1.35)0.4320.66 (0.41, 1.04)0.0700.63 (0.40, 1.02)0.058  Off-premises alcohol outlets1.04 (0.99, 1.08)0.1141.14 (1.05, 1.24)**0.004**1.14 (1.05, 1.24)**0.004**  Betel nut kiosks0.95 (0.70, 1.29)0.7151.03 (0.70, 1.52)0.8661.08 (0.72, 1.64)0.683 **Institutional resource environment**  MRT1.06 (0.77, 1.47)0.6920.47 (0.24, 0.92)**0.030**0.48 (0.24, 0.94)**0.034**  Recreational resources1.08 (0.91, 1.29)0.3650.85 (0.57, 1.28)0.4100.87 (0.58, 1.32)0.487  Temples0.46 (0.17, 1.26)0.1240.26 (0.24, 0.92)**0.016**0.24 (0.08, 0.69)**0.012**  **Cross-level interactions** Parental drinking×economic disadvantage2.13 (1.00, 4.55)0.052 Parental drinking×violent crime0.96 (0.90, 1.02)0.175 Peer drinking×economic disadvantage0.81 (0.48, 1.38)0.411 Peer drinking×violent crime1.00 (0.95, 1.05)0.848 Approval to drink×economic disadvantage0.77 (0.45, 1.33)0.355 Approval to drink×violent crime1.04 (0.99, 1.10)0.140  ***Random effects***Intercept (*u*~0*j*~)0.223080.000460.00036**Deviance (−2LL)**2190.411871.331902.54**Number of parameters**22333[^8][^9][^10]

4. Discussion {#s0135}
=============

This study is one of the first multilevel studies to examine the prospective relationships linking place-based environments and media environments with adolescent drinking behaviors in an emerging alcohol market. Consistent with our hypotheses, our analyses indicate that district-level exposures and perceived exposure to alcohol advertising predicted alcohol consumption, even after controlling for individual, family, and peer attributes. Specifically, adolescents were more likely to initiate drinking if they lived in a district with less economic disadvantage and higher proportion of betel nut kiosks compared to off-premises outlets, or if they reported seeing more alcohol advertisements on television. In addition, our data suggest that relationship between district-level violent crime and alcohol initiation was more salient among students who had observed parental drinking. As to continued alcohol use, having better spatial access to off-premises alcohol outlets or lower spatial access to temples and to MRT exits appeared to be strong predictors.

Although the association between district-level economic affluence and initiation was contrary to our hypothesis, it has prior support in the literature ([@bib44], [@bib64]). Possibly, more economically advantaged districts may create norms supporting frequent alcohol use ([@bib35]). Another interpretation of the observed relationship is that adolescents living in more affluent districts may have more access to alcohol because their parents monitor them less ([@bib57]). Dual career upper middle-class parents often have less time to monitor children after school and may be less engaged in children׳s after-school activities, especially in Taiwan, where the dual career family rate is high ([@bib45], [@bib67]). It should be noted that we measured the economic disadvantage environment through a created composite index from several administrative data (e.g., Census). Given constructing an index to reflect the economic disadvantage environment is complicated and culture-dependent, future research replicating our methods to untangle the relationship between economic disadvantage and underage drinking in Taiwan is needed.

Our results demonstrate that the adverse effect of district-level violent crime on alcohol initiation is only observed among adolescents who had seen their parent drink. Areas with higher levels of violent crime tend to have lower levels of social control and higher rates of youth delinquency ([@bib31], [@bib39]). For example, previous research has shown that living in a violent area is associated with subsequent alcohol initiation because of the affiliations with deviant peer groups ([@bib39], [@bib49]). Also, adolescents who have observed their parent׳s drinking may have greater alcohol access in their home and a higher endorsement of positive alcohol expectancies, such as the expectation that alcohol enhances social behaviors ([@bib12], [@bib75]). Both of these socialization factors may encourage adolescents to mimic parental drinking to foster positive social interaction with peers and amplify the adverse effects of violent crime on alcohol initiation. The significant moderating effect of parental drinking on district-level violent crime highlights the important interactive effect of family-level and place-based environments on adolescent alcohol initiation.

Spatial access to off-premises alcohol outlets around homes predicted continued alcohol use ([@bib2], [@bib14], [@bib30], [@bib43], [@bib60], [@bib66], [@bib69]), and higher proportion of betel nut kiosks compared to off-premises alcohol outlets was associated with alcohol initiation. Consistent with Availability Theory and prior research, our findings indicate that living in an alcogenic environment has a prospective impact on underage drinking ([@bib59]), but the impact varies by their prior drinking experience. Betel nut kiosks are an easy venue to obtain alcohol without photo identification, and spatial access to such a low-threshold venue appears to facilitate alcohol initiation. In contrast, off-premises alcohol outlets are influential for adolescents who used alcohol continually. Alcohol-experienced adolescents may also be more skillful in successfully obtaining alcohol from these off-premises alcohol outlets (e.g., dressing older than their actual ages, shoulder tapping, or choosing cashiers with more than one person in line) ([@bib27]).

Our findings are among the first to prospectively examine the benefits of place-based institutional resources on underage drinking in Asian countries. Consistent with our hypothesis, the proximity to MRT was associated with lower risks of continued alcohol use. Greater accessibility to MRT exits may make it easier for adolescents to reach local recreational facilities and public resources that are conducive to adolescent well-being; engagement with these resources in turn might prevent adolescent from continued alcohol consumption. Chen and colleagues also found that higher access to MRT in Taipei was associated with lower rates of alcohol purchasing among youth ([@bib13]). Because of patterns of land use and development in Taipei, districts with higher access to MRT are usually commercial regions that have a higher level of social control. Perhaps residents and businesses in these districts have higher collective efficacy (e.g., better compliance with minimum age-of-sale enforcement) that discourages underage drinking ([@bib47]).

The observed protective effect of spatial access to temples on adolescent continued alcohol use could be explained by the collective process of religion. Traditional temples are usually located in historical urban areas and reflect the retention of a territorial sense of place and local identity in Taipei׳s ever-changing urban landscape. In these areas, social cohesion may be particularly high ([@bib19]). Local residents may play guardianship roles in these historical areas, and this may deter adolescent alcohol use continuation.

We found that television-based alcohol advertisements were the most dominant form of alcohol advertising for all adolescents. However, as reported previously, this form of alcohol advertising only had a significant long-term influence on alcohol use initiation among alcohol naïve adolescents ([@bib23], [@bib65]). Among adolescents who had already initiated drinking, future continued drinking was not significantly influenced by any form of alcohol advertising. These results align with a developmental model of alcohol use. [@bib74] have found that, among alcohol-naïve adolescents, observational learning about alcohol through the media (e.g., seeing popular actors enjoy beer on television) is one of the major influences that determine their attitudes toward drinking and alcohol use initiation. However, advertising may not be influential for adolescents who initiated drinking during childhood (before age 13) because they generally model alcohol use through their parents or close family members ([@bib75]).

Our findings should be interpreted in light of several limitations. First, the AREC participants only lived in 54% of Taipei districts and the AREC participant response rate at baseline was low (55%). These limitations restrict our ability to generalize the findings to all adolescents in the Taipei metropolitan area. Furthermore, the results cannot be generalized to those school drop outs. Second, due to the lack of publicly available data on place-based alcohol advertising measures (e.g., exterior advertising) and the limited resolution of Google Street View imageries of exterior advertising, we were unable to assess the influence of alcohol advertising in districts (e.g., billboards). Future research may use global positioning system (GPS) techniques to conduct in-person neighborhood audits to measure the influence of place-based alcohol advertising. Third, since on-premises consumption outlets in Taiwan are not required to have a license, we were unable to obtain a complete inventory of on-premises consumption outlets. This may have limited our understanding of the influence of these outlets on adolescent alcohol consumption. Fourth, 12.9% of the thoroughfares in the studied districts were excluded from Google Street View audit because of the incomplete coverage. Google Street View tends to be more comprehensive in more densely populated areas. As a result, we might have underestimated the number of betel nut kiosks in less densely populated districts and underestimate the impacts of betel nut kiosks on underage drinking. Fifth, there may be a bias for the retrospective self-reporting of alcohol advertising exposure.

5. Conclusions {#s0140}
==============

This study opens the door for future place-based research on underage drinking in Asian contexts. Our findings have three important implications for future research and public health practice. First, despite the rapidly growing place-based research on underage drinking, few studies have explored whether and how youth-specific environments (e.g., institutional resources) and local alcohol access environments (e.g., betel nut kiosks) influence adolescent drinking patterns in Asia. Future research that clarifies which types of youth-specific and local alcohol access environments are meaningful to adolescents and that disentangles the possible mechanisms through which youth-specific and local alcohol access environments lead to underage drinking is warranted. Second, our findings suggest a greater need to implement a multifaceted alcohol use intervention that addresses both district-level and family-level risk factors. Third, in a context in which global alcohol marketing is expanding and alcohol advertising penetration continues, policy interventions should be considered and increased efforts to implement a more comprehensive regulations on alcohol advertising is urged, especially for televised alcohol-related marketing and promotion.
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[^1]: \%~wt~ : weighted percentage.

[^2]: NTD: New Taiwan Dollar (1 USD is approximately equal to 30 NTD).

[^3]: 856 (50.28%) participants did not have an older sibling and were regarded as not applicable.

[^4]: Adolescents with different alcohol consumption status all lived in the same set of the 22 districts. Therefore, the district-level characteristics were not stratified by alcohol consumption status.

[^5]: Statistically significant effects are printed in boldface (*P*\<0.05).

[^6]: ^b^ Sample size: individual-level: 1016; district-level: 22; ^c^ ICC for level-2 variance component=0.02.

[^7]: The grand-mean centering was performed for both individual-level and district-level variables to adjust for multicollinearity.

[^8]: Statistically significant effects are printed in **boldface** (*P*\<0.05).

[^9]: ^b^ Sample size: individual-level: 779; district-level: 22; ^c^ ICC for level-2 variance component=0.06.

[^10]: The grand-mean centering was performed for both individual-level and district-level variables to adjust for multicollinearity.
